It has been reported that SV40 -transformed V 11 F 1 clone 1 subclone 7 rat cells (subclone 7) produce a super T antigen of 115,000 M . This super T antigen is entirely SV40 coded and is synthesized by translation of an elongated form of SV40 early mRNA (May, E., Kress, M., DayaGrosjean, L., Monier, R. and May, P. (1981) J. Virol., 37, 24-35). The results reported here show that there is only one independent insertion of viral DNA in the cellular genome of subclone 7 cells. When DNA from subclone 7 cells was cleaved with Bam HI endonuclease two distinct SV40 sequence containing fragments were generated with sizes of 5 Kb and 10 Kb, respectively.
INTRODUCTION
Multiple species of T antigens with molecular weight distinct from normal sized large T antigen can be identified in a variety of SV40 transformed rat and mouse cell lines. Species of T antigen with a molecular weight considerably larger than that of normal-sized large T antigen are widespread in SV40-transformed rat or mouse cells and are referred to as super T antigen (1, 2, 3, 4) .
As already reported (5) SV40 transformed rat cell line V 11 F 1 clone 1 subclone 7 produces a single species of super T antigen of 115,000 M f in the absence of detectable trace of large T antigen (86,000 M ) . We have previously shown that this super T antigen (super T) is an elongated form of large T antigen, which contains a duplication of that part of large T antigen corresponding to the genome region extending approximately from 0.46 to 0.35 map units, as determined by fingerprint analysis of super T and by S1 mapping analysis of 115 K super T mRNA (6) . The duplicated sequence virtually corresponds to that region of SV40 genome in which 12 of 13 tsA mutation sites are clustered (7) . To gain a better understanding of the biogenesis of super T antigens, we undertook the analysis of the arrangement of the integrated viral DNA sequences in subclone 7 cells. The integrated viral sequences with the flanking cellular sequences at both extremities have been cloned in a cosmid. Sequencing data reported in this paper show that the sequence duplication in 115 K super T mRNA is a consequence of a homologous duplication of a 573 nucleotide sequence in the viral DNA integrated in subclone 7 cells. In addition, this analysis reveals that the two copies of the 573 nucleotide repeated sequence bracket a 93 nucleotide sequence which is a nearly perfect inverted repeat of a viral segment located farther than 1200 nucleotides in the early viral region. The biological implications of this complex integration pattern of SV40 DNA are discussed.
MATERIAL AND METHODS Cells
The rat cell line V 11 F 1 cl.1 subclone 7 has been previously described (5, 6) .
DNA extraction High molecular weight cellular DNA was isolated as described by Birg (8) . Cells were grown to confluence in 10-cm petri dishes. After removal of the medium, the cells were rinsed twice with phosphate buffered saline (PBS) and then lysed at room temperature for 10 minutes with 1 ml of 10 mM Tris-HCl pH 7.9, 5 mM EDTA, 10 mM NaCl, 0.5 % SDS and 1 mg/ml pronase preheated at 37°C (Calbiochem). The lysate was transferred to an erlenmeyer flask and left overnight at room temperature. The lysate was then gently shaken with an equal volume of phenol saturated with Tris-HCl 1 M, pH 7.9 and then the mixture was allowed to stand until the two phases became separated. The aqueous phase, containing the nucleic acids was shaken as before with an equal volume of phenol-chloroform-isoamylalcohol 50 : 48 : 2. The (aqueous) upper layer obtained was dialyzed overnight against 100 volumes of 10 mM Tris-HCl pH 7.9, 5 mM EDTA, 1 M NaCl and then against numerous changes of 10 mM Tris-HCl pH 7.9, 5 mM EDTA. Pancreatic RNAse (Choay, France), previously heated at 80°C for 10 minutes to inactivate DNAse ac-tivity, was added to a final concentration of 10 jig/ml and MgCl-was added to a final concentration of 5 mM. The resulting solution was incubated at 37°C for 2 h. Following removal of the RNAse by phenol extraction, the DNA was dialyzed exhaustively as described above.
Transfer of high molecular weight DNA from agarose gel to nitrocellulose, hybridization and detection of specific DNA sequences. After digestion with restriction enzymes electrophoresis of DNA (20 ug/slot) was carried out on a 1 % agarose vertical slab gel in a buffer containing 40 mM Tris-HCl pH 7.8, 5 mM sodium acetate and 4 mM EDTA at 2 V/cm for 14 h. After electrophoresis the DNA was partially acid-depurinated, alkali-denatured and transferred to a nitrocellulose filter (Schleicher and Schull, BA 85) by the method of Southern (9) slightly modified by Wahl and al. (10) .
Highly purified SV40 DNA form I was labeled in vitro by the nicktranslation reaction (11) . Hybridization to 32 P-labeled SV40 DNA (10 7 cpm/ blot) and the washing of the filter were performed as described by Breathnach et al. (12) . The filters were then dried and exposed for autoradiography with Royal X Omat film at -70°C by using a Dupont cronex hi plus intensifying screen. Cloning procedures DNA extracted from V 11 F 1 cl.1 subclone 7 was cloned in the cosmid vector pHC 79 (13) essentially as described by Gannon et al. (14) .
The cellular DNA was digested to completion by the restriction enzyme Bam HI and the fragments of approximately 5 and 10 kilobases (Kb) were selected after a sucrose gradient. Twelve ug of 5 Kb and 14 ug of 10 Kb DNA were ligated in a volume of 20 ul with respectively 10 jjg and 5 \ig of the cosmid pHC 79 DNA digested with Bam HI and used to transduce the E. Coli strain 1106, using the packaging method and strains of bacteria described by Hohn (15) . Transformed bacteria were selected by their growth on ampicillin plates and those which contained a SV40 DNA fragment were selected after in situ hybridization with P-labeled SV40 DNA, essentially as described by Garapin et al. (16) . Transformed colonies (60 plates containing about 5,000 colonies per plate) were adsorbed in nitrocellulose filters (Schleicher and Schull, BA 85) laid on the plate for 5 min. The filters were then exposed colonies side up for 5 min. to 0.5 M NaOH, washed two times for 30 s. in 1 M Tris pH 7.5, then for 5 min. in 1.5 M NaCl, 0.5 M Tris pH 7.5 and finally for 30 s. in 2 SSC, 0.001 M EDTA, 0.025 M phosphate buffer pH 7.2. The filters were dried for 3 h. at 80°C. The pre-incubation, hybridization and washing of filters were carried out exactly as described by Garapin et al. (16) .
As the positive clones contained, in addition to SV40 sequence, other Bam HI fragments which did not hybridize with an SV40 DNA probe, the cosmid DNA was digested by Bam HI, diluted to 1 jug/ml, religated and retransfected into E. Coli strain 1106. The SV40 DNA containing clones obtained from these manipulations were used for all subsquent analyses and are referred to as cosmids SVE 5 Kb and SVL 10 Kb, respectively.
For the preparation of DNA from the cosmids, the transformed bacteria were first grown in L. Broth overnight at 37°C (without addition of chloramphenicol) and then the DNA was purified by the cleared lysate technique of Clewell and Helinski (17) followed by ethidium bromide-CsCl equilibrium gradients.
Analysis of cloned DNA The DNAs of cosmid SVE 5 Kb and SVL 10 Kb (about 0.5 ug by assay) were digested to completion by various restriction endonucleases and electrophoresed on 1 % agarose vertical slab gel at 1.5 volt/cm for 15 h. The DNA in the gel was then transferred to nitrocellulose filter as described (14) using the Southern method (9) . Subsequently the gels were hybridized with P-labeled nick-translated SV40 DNA (11) washed and subjected to autoradiography as described by Breathnach et al. (12) . The sizes of the DNA bands which hybridized with SV40 DNA were estimated by comparison with SV40 DNA size markers run on the same gel.
DNA sequencing Conditions for 5' end labelling with 32 P-2T-ATP (NEN) and polynucleotide kinase (Boerhinger-Mannheim) and for sequence analysis, were those of Maxam and Gilbert (18) . To separate the labelled ends, fragments were recut with an appropriate restriction nuclease and separated by polyacrylamide gel electrophoresis. After elution from crushed gel slices, DNA fragments were chromatographed on small DEAE-cellulose columns (DE 52, Whatman) and precipitated several times with ethanol. Biohazards associated with the experiments described in this publication were examined beforehand by the French National Committee ; the experiments were carried out under L3-B1 conditions. RESULTS I -CLONING OF THE VIRAL DNA SEQUENCES INTEGRATED IN V 11 F 1 C1.1 SUBCLONE 7 CELLS. When total cellular DNA was hydrolysed with restriction enzyme Xba I which does, rot cleave SV40 DNA, only one DNA fragment could be detected which hybridized with radioactive viral probes, suggesting the presence of only one independent insertion of viral DNA in the cellular genome (Fig. 1) . Attempts to clone a single fragment which contained the complete integrated
Xba I
Bam HI
5200-

5200-10 •*• 5Kb
3020-2200-1820-
1150-1067-
808-
525-
3020-
2200-
1820-
1150-1W7-
Figure 1
Detection of SV40 DNA sequences in high molecular weight DNA from V 11 F 1 cl.l sol 7 rat line. High molecular weight cellular DNA (20 ug per track) was digested with Xba I or with Bam HI. Products of digestion were fractionated on a 1 % agarose gel. The gel was run at 2 volts/cm for 16 h., transferred to nitrocellulose filters by the method of Southern (9) slightly modified by Wahl et al. (10) . Hybridization to nick translated SV40 DNA (10 7 cpm/blot) and the washing of filters were performed as described by Breathnach et al. (12) . The blot was then exposed for 15 days with Royal X o'mat film at -70°C by using a Dupont Cronex hi-plus intensifying screen. Numbers at the left of the tracks are SV40 DNA marker sizes in nucleotides. SV40 DNA sequence (by Sau 3 AI or Eco RI partial digests) were unsuccessful.
When total DNA was hydrolysed with Bam HI, a restriction enzyme which cleaves SV40 DNA once at nucleotide 2468 (19, 20, 21) two Bam HI fragments (5 Kb and 10 Kb) containing viral sequences were obtained (Fig. 1 ). These two fragments were cloned in cosmid pHC 79.
Four recombinant clones containing SV40 DNA sequences were isolated by screening about 400,000 recombinant clones obtained from approximately 10 ug of DNA. We obtained two recombinants each harbouring the 5 Kb hybridizable fragment and two others harbouring the 10 Kb hybridizable fragment.
As the Bam HI cleavage site is located at the 3' extremity of the late region of SV40 viral genome, one of the two (5 Kb or 10 Kb) clones was expected to contain mainly the early region of SV40 genome and the other was expected to contain mainly the late region of SV40 genome. Identification of early and late clones was possible by analysing the cleavage pattern obtained after double digestion with Bam HI and Eco RI (Eco RI cleavage site is located in late part of SV40 genome at 750 nucleotides counterclockwise from the Bam HI cleavage site) .
The digestion of the 10 Kb fragment with Eco RI generated two fragments (4400 and 750 nucleotides) hybridizable with SV40 DNA (Fig. 2, track  8 ). On the contrary Eco RI did not cleave the 5 Kb fragment (Fig. 3, track  6 ) . Consequently the 10 Kb fragment contained the late region of the integrated genome and the clone which harboured this fragment was referred to as SVL 10 Kb. The 5 Kb fragment contained the early region of integrated genome and the clone which harboured this fragment was referred to as SVE 5 Kb.
II -STRUCTURE OF SV40 DNA IN SVL 10 Kb CLONE.
The mapping of SV40 DNA in the SVL 10 Kb clone is shown in Figures  2 and 4B . Comparing the sizes of the SV 10 Kb fragments containing the viral sequence with the sizes of fragments obtained by cleavage of SV40 DNA with the same enzymes, the following conclusions can be drawn : 3.3 to 3.5 Kb of the 10 Kb fragment are viral sequences. These sequences include at least the segment from nucleotide 4674 (the Taq I site) counterclockwise to nucleotide 2468 (the Bam HI site). The total late region (from Bam HI site to Big I site, nucleotide 5170) is present in the 10 Kb fragment. In addition, the SVL 10 Kb clone contains at least the early sequence located from the Big I site (nucleotide 5170) to the Taq I site (nucleotide 4674). The junction between viral and cellular DNA takes place in the early region of the viral sequences and is located in the fragment of 610 nucleotides The samples were run on a 1 % agarose slab gel (1.5 V/cm for 15 h.) transferred to nitrocellulose filters and hybridized to 1.10 6 cpm of nick-translated 32p labeled SV40 DNA, washed and exposed for autoradiography with Royal X o'mat for 24 h. at -70 C by using a Bupont Cronex hi-plus intensifying screen. SV40 DNA size markers were loaded in track M. generated by double digestion with Hpa I and Taq I enzymes (Fig. 4 B) . I l l -STRUCTURE OF SV40 DNA IN SVE 5 Kb CLONE.
The mapping of SV40 DNA in the SVE 5 Kb clone is shown in Figure  3 and Figure 4 A. The sizes of the fragments containing viral sequences are compared to the sizes of the fragments obtained by cleavage of SV40 DNA On the other hand, it has been shown (6) by S1 mapping analysis that the major species of mRNA transcribed from the early part of integrated viral genome in V 11 F 1 cl.1 subclone 7 contains a tandem duplication of the viral sequence mapping approximately between nucleotides 4107 -3532 (in the numbering system used here) which corresponds to a region of the viral genome containing a cleavage site of Hind III (nucleotide 3937) and of Hpa I (nucleotide 3668). By comparing the results of S1 mapping analysis of mRNA with the results of restriction mapping analysis of SV40 inserted DNA sequence in SVE 5 Kb DNA, the following tentative conclusions can be drawn : The increase in length of early SV40 integrated sequence corresponds to a duplication of some early viral sequence. The additional band of 650 nucleotides obtained by hydrolysis of SVE 5 Kb DNA with either Hpa I or Hind III corresponds to the distance between the Hpa I cleavage site at nucleotide 3668 and the same site repeated downstream (nucleotide 3668') or between the Hind III cleavage site at nucleotide 3937 and the same site repeated downstream (nucleotide 3937') and consequently to the length of the duplicated sequence. (For sake of clarity the nucleotide numbers of the downstream repeat unit are marked with the symbol').
Figure 4
Organization of SV40 DNA sequences integrated in subclone 7. The SV40 DNA insert was divided into two fragments of 5 Kb and 10 Kb, respectively, by cleaving the host cell DNA with Bam HI endonuclease. Each of these two individual fragments was cloned and analysed by restriction mapping.
Panel A : 5 Kb fragment a) Sizes (in nucleotides) and locations of restriction endonuclease fragments of SVE 5 Kb DNA hybridizable with SV40 DNA. The letters used to designate the fragments are the same as those of the corresponding bands in transfer hybridization patterns (Fig. 3) To obtain a more detailed representation of this map, DNA sequencing of the cloned SVE 5 Kb DNA was performed by the Maxam and Gilbert method (18) according to the sequencing strategy outlined in Figure 5 .
The sequence of the integrated SV40 DNA extending from the MBo I site located at nucleotide 3651 to the Hind III site located at nucleotide 3937' encompasses the junction between the two direct repeat units and is given in Figure 6 . There are no modifications in SV40 DNA sequence until nucleotide 3544 where a tract of 93 nucleotides occurs which does not exist in this part of SV40 genome.
Recognizable SV40 DNA sequence resumes at nucleotide 4116' (i.e. 573 nucleotides upstream from the point of sequence divergence) and proceeds counterclockwise beyond nucleotide 3544 '.
The sequence analysis of the 93 nucleotide tract separating the two 573 nucleotide direct repeats was performed on both strands and the sequences obtained was compared with SV40 DNA sequence by computer analysis. Unexpectedly, the computer analysis reveals a 95 I homology between this sequence and the sequence of SV40 DNA located in the early part of SV40 ge- GAC.An.TTT. nome from nucleotide 4868 to nucleotide 4776 and positioned in a opposite orientation, as shown in Figure 7 . The mismatches are accounted for by four transitions T/C and one transversion G/C. Therefore the 93 nucleotide tract is a nearly perfect inverted repeat of the DNA segment located between nucleotides 4868 and 4776. For sake of clarity, the nucleotide numbers of this inverted repeat are marked with the symbol" in Figure 8 (see below) .
There are no modifications either in the nucleotide sequence of the region encompassing the nucleotide 4116 located at the 5' end of the 
DISCUSSION
SV40-transformed V 11 F 1 cl.1 subclone 7 rat cells produce a super T antigen of 115,000 daltons but these cells do not produce normalsized (86,000 daltons) large T antigen. This super T is entirely SV40 coded and is synthesized by translation of an elongated form of SV40 early mRNA (6) .
The results reported here show that there is only one integration site in this clone, as indicated by analysis of SV40 DXA insertion after cleavage of cellular DNA with Xba I and Bam HI restriction endonucleases.
When DNA from subclone 7 cells was cleaved with Bam HI endonuclease, two distinct SV40 DNA containing fragments were generated with sizes of 5 Kb and 10 Kb, respectively. Two recombinant cosmids SVE 5 Kb and SVL 10 Kb, were constructed by insertion of the 5 Kb and 10 Kb fragments, The middle diagram represents locations and sizes of i) direct duplication (stippled area) and ii) 93 bp repeats (solid block) whose orientation is indicated by the arrowheads.
The bottom diagram represents the super T mRNA, the caret symbol represents that segment known to be spliced out during the maturation of large T mRNA and by analogy probably spliced out in the maturation of super T mRNA. The numbers under the bottom diagram refer to nucleotide numbers (19). For sake of clarity the nucleotide numbers of downstream direct repeat unit are marked with the symbol' and nucleotide numbers of the downstream inverted repeat are marked with the symbol".
respectively. These two fragments contain together the entirety of the viral insert that is about 1.3 copies of viral DNA. The 5 Kb fragment contains, in addition to a complete sequence (although, rearranged) of early region, a partial late region (from nucleotide 5170 clockwise to nucleotide 1337) ; the left junction with host sequences is located in the middle of the late region at nucleotide 1337 (data not shown). The 10 Kb fragment contains a complete sequence of the late region and part of the early region ; the right junction with the host sequences is located in the early region near the Taq I site.
This typical head to tail SV40 DNA arrangement is similar to that which has been observed for a great number of SV40-or polyoma-transformed cell lines (22, 23, 24, 25) . The restriction map of the early region of the 5 Kb DNA fragment reveals the existence of an internal duplication located within the segment between the Taq I site (nucleotide 4674) and Ava II site (nucleotide 3473). The sequencing performed in the appropriate region of 5 Kb DNA fragment reveals in fact the following rearrangements (Fig. 8). i) The segment between nucleotides 4116 -3544 is duplicated, the nucleotides of the downstream unit repeat being numbered from 4116' to 3544' for sake of clarity. ii) These two copies of a 573 nucleotide sequence are separated by a 93 nucleotides tract which is a nearly perfect inverted repeat of the segment located far upstream between nucleotides 4868 and 4776. This 93 nucleotides tract has been numbered from 4776" to 4868". It should be noted that the segment between nucleotides 4868 and 4776 encompasses the 5'-side splice site of large T antigen pre-mRNA and contains 76 nucleotides of the corresponding intron.
The 573 bp duplication in a direct order observed in the early region of the integrated DNA in subclone 7 accounts for the duplication of viral sequence (approximately between nucleotides 4107 and / 3532, in the numbering system used here (19)) detected in super T mRNA by S1 mapping analysis (6) . The arrangement observed in this early region of integrated DNA does not cause any reading frame change. The structure of the protein encoded by the "rearranged" SV40 early gene contained in 5 Kb DNA fragment fits well into the model of super T antigen molecule deduced from its twodimensional tryptic fingerprints and from the structure of super T mRNA (6) . In particular, the genomic rearrangement results in a duplication of 191 amino acid sequence of large T antigen and of an additional insertion of 31 amino acids bracketed by the two copies of 191 amino acid repeated sequence. The predicted increase in size of super T antigen relative to large T antigen would thus be 25,457 daltons which is in agreement with the observed increase in size (29,000 daltons).
It is noteworthy that the segment of SV40 integrated DNA between nucleotides 4868 and 4868" (Fig. 8) terminates in a nearly perfect inverted repeat of 93 nucleotides. Its structure is similar to that of an insertion element since it is known that a duplication of a few base pairs in a direct order outside of the inverted repeats is not a prerequisite for transposition into another site (26) . However we don't know so far whether this DNA segment could actually function as an insertion element.
On the other hand, the question arises whether the entire integra-ted viral sequence in subclone 7 was formed during a single set of recombination events or whether some viral rearrangements might have occurred after the primary integration event had taken place. In fact, a study of the properties of the parental V 11 F1 cl.1 line and of its derivatives suggests that the structure of integrated viral sequence in subclone 7 results from post integrational rearrangements (May et al., in preparation). Genomic rearrangements in mouse (or rat) cell lines containing integrated SV40 (or polyoma) DNA have also been reported by others (25, 27, 28, 29) . The emergence of cells producing super T antigen from a cell population originally expressing large T antigen might result either from a selective advantage of these cells compared to cells producing normal large T antigen, or from an increase in stability of the integrated viral genome after it has been rearranged.
Finally, it should be stressed that the hybrid cosmid SVE 5 Kb contains a complete gene coding for 115 K super T antigen and that it may be a useful tool for the study of the biological properties of 115 K super T antigen. This hybrid cosmid has already allowed us to show by transfection experiment that 115 K super T antigen is able to initiate transformation of secondary cultures of rat embryo cells (C. Lasne and E. May, in preparation).
